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nnacTwpw ToxaMH bwcoko* nacTOTU ocymecr- 
en«K)T noc/ie ro4>pnpoBaHn*» a cm33omhww 
c/iofl hbhocat nOBTOpHO noc/ie ox/ia^eNM*. 
npeA»araeMb<a cnocofc ncmo/weT aa c^eT no- 
bwuichh* nnacrviMMUx cbowCtb MeTan/ia na~ 
AOKHO o6ecne^nTb repMe™3auwK> 
peMOHtupyeMOro yMacTKa c*Ba*HHbi. 1 TaO/i. 



H*o6pereHMe othocwtc* k o6pa6oTice **e~ 
Tfiwina AaBitGHv^eM, a h3Cthocth k TexHonornn 
MaroroB/ieHUH ro<t>pwpOBeHHbix rpy5. 

Ochobmumw orrepauHHMvi & TexHonorMse- 
ckom npouecce nsrOTOBnenwa tohkoctbhmux 
ro^pMpoaaMHwx Tpy6 aB/iaetc* xo/iOAHa» Ae- 
4>opMauMfl. HanpuMep BO/icmeHi/te h npoxaTica 
Tpyb, xMMwnecKaj? o5pa6oTxa. TepfwiecicaR 
oSpa&OTKa a*» ch«tmh oct3tomhwx Hanpaxe- 
Hw*, B03HnnaK>iu^x b pe3y/ibYare Ae4>opMa- 
mi* n npo<t>vi/mpOBaHMfl mctoaom HatcaTicvt. 

W38eCT9H COOC06 M3rOTOBA€HMP Tpy6 C 

npoAonbHb^MM ro<i>paM* nyTBM AayxaTannoro 
<}>opMOBaHWn Tpy6bi-3aroTOBxw. npwMBM Ha 
nepBOM 3n»ne ee ro4>pwpy»OT paAwanbHUMW 
ycwnwwMM. a na btopom arane o6*«MaioT b 
npo<t>w/iupooaMHO* BO/io*e. 

OAHaxo ©o3Hwu<a>oiUHe e peaynbtaTe 
caqwhoA AC<{>opMaiAMti ocTdTosHwe Hanpw*e~ 
HHq He Aa»o^ AOCtaTOMHOH nonepewoft npoM- 
hoctm. Mciann CTaHoewTCfl xpyn kmm m 



HenpuroAen b xaMecTae .mactwpa npn peMOH- 

T6 06caAH0l^ KO/IOHHW B CKB3P*tlAHC 

JXn* chatm* oCTatOMHbix Hanpfl^eHM«4 Tpy- 
6unoA«cpraioTTepMMMecKOft o6pa6oTKe - ot- 
xcwry b nenax T*ma DCO-06 w** r -X)-09 w 
nonyMenwa na tpy6ax oicmcho^ n/ienicn. bw- 
nonHflomet?! 4>yHKUwvi noAMa30MHoro not<pbi- 
TM * m o6noAaioiuePi aoct3tomhom 
nopwCTOCTbK) « 8ACOp6uuonHoa cnoco6no- 
cTb*o k CMa3xe. 

H3BecTeH 7aic»ce cnOco6, npvi xotopom 
TOHxocTeHHbie npo<J)M/ibHbie TpyGw npaewr 
pacrvDKdHMQM m pa3A3^e« c Harpt?BOM Ha dnex- 
TpoTepwHMecicoM o6opyAoeaKvin. CHa^a/ia 3a- 
rOToetcy Tpy6w HarpeaaiOT tok3mh 
conpOTMB/HJHMa ao tQMnepaTypb* OT>Kvira. a 
38YCM nocneox/iaxAeHM» pa3A3K>r npn homo 

IUW KOHWMeCKOH onpaBicn. 

HeAOCTaTO«( cnck:o6a aax/isoMaeTC* » tom. 

MTOHpVt H3/lOXeHV1M flrtBCTbipft W3 H60T0XCH<ert- 
HbiX Tpy6 5-«OtteT ilpOWCXOAWTb P33DUB HO 

opo<t>^bHO^ ot>paay>omevY a npw Hano^eMwii 
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nnacTupa n3 OToxttenHbix ipy6 c nocneAyKr 
iumm ro4>pMpoeaMvieMMOxeT 1^0^0x0/1^1^06* 
pd3oeaHwe.M^»cpoTpemwH bo enaAnnax m na 
Bwcxynax npOAOnt»Hwx ro4>p npn AG($>opMauviH 
mx AO uwnirfWflpM4ec<ow <J>opMW, xorA3 ee nnoT- 
ho npn)KMMa»OT (HaxaxbieaKn) AopH*py»ome* 
ronoBKOti * BuyxpeHNe* noBepxMOCTn o6ca£- 
ho* KO/tOHMW. B pe3y/itTare ne o6ecneniiB3- 
ercA naaexHOCTb repMexw3auw* wa-aa 

MM3K0M n/iacTMMHOCTvi Mexanna ro^pwpoeaH- 

HOro n/iacTbipH. 

UenbK> n306peTehw« wanneTCfl noeuwe- 

Hue HDAewHOc™ repMeTvi33UMM o6cax<eHHoa 

cKBaJKMHu nyreM noBbiiueHMR nnacxw^Hocxw 

Mexanna nnacxwpfl. 

CymHOCTb M3o6peTem/iP 3aKnK>HaeTca b 

TOM, HTO TSpM006pa60TKy T0K3MH 8MC0K0* Ma- 

ctotw ocymeCTB/!*K>T nocne ro4>pwpooaHna. a 
.3axeM noBTopHO Hanocax CMasoMHbia enow, 

B peaynbxaxe 3HaxonepeMeHHbix Ae<t>op- 
MauuA, KOTOpwM noABepraeicfl Mexanna xpy6 
npw ro4>p^pOBaHWii kax b npouecce kwoxob- 
zieHMB n/iacTbipe*. rax m npw paaA^e b npo- 
uecce yciaM0Bxv» b cKaaacwnax, nponcxoA"? 
3naMMtenbH0e ynponneHne Mexanna, npmeM 
Haw6onbiune SHaMeHwa ynpOMHeHi/tti nptiKOA- 
rtc« Ka BnaA^Hbt ro^pMpoeaHHwx xpy6. 

Vl3MeHeMwe xeepAOCXH (Hv) cxanw Map** 
10 npw TepM006pa6oTKe» ro<J>pwpoeaHwn vi 
paaAa^e rinacxwpa no*a33Ho b Ta6nwue. 

1/13 Ta6nvmw 8MAM0. MTOToepAOCTb Mexan- 
na nnacxup* nocne pa3MaMtf b o6caAHO* xpy- 
6e AOCTwraeT Han6onbujux 3naMeHM&. ecnw 
n/iacTwpb M3roTaBnviBancfl w3 KeTepMOo6pa- 
eoTaHHod Tpy6w. (Ipw naroxoBneHHW nnacxw 
pea na npeA83pn Te/)bHO xepMO06pa6oxaHHbJx 
Kpyrnbix TpyS npw ro^pupoaaHiiu xeepAOcxb 
HecxonbKocHn^aexc* nocpasHennKJC HeTep- 
MOo6pa6oxaHHbiMi/i 3aroTOBxaMU. ho nocne 
pa3Aa^n TBCpAocTb B03pacxaeT nOHXM ao xofc 

JK8 Be/1WMMHW. MY0 H &63 TepM006pa60TKW. ilO- 

cne YepMusecKOM o6pa6oTKH ro^pupoaaHMbix 
Tpy6 c narpeaoM xoxaM* bucokow mbcxotw 
TBdpAOCXb mx CHurcaexca 3Ha4uxe/ibno. a no- 
cne pa3AaM* ona Menbiije. msm y HexepMOo6- 
pa6oraHMb*x. 

B oTDiiMvie ox neMHoro wni* rasoBoro na- 
rpesa npn o6pa6oxKe saroroBxn xoksmw bwco- 
xoa Mactoxw npoucxoA^x He3HaMwxenbHoe 
M3MeneKv<e 4>opmw ee npo4>nn«. Ha noeepXHO- 
cxm xpy6u o6pa3yeTc« xomkui* cnoa OKa/iwHW, 
KOTOpurtue orcnaneaercfl b npouecce Ae<t>op- 
Mauvin - oa3Aa 4M ^ CMa30MHww enow HanocMT- 
Cfl na BHyxpeHHioio nooepxHOCTb 
oTo^^xeHHbix npoAonbHO-ro4>pnpoBaHHwx 
tpy6 nocne nx oxnaxAeHMs. Oh npeAOxpanwex 

BHyTpeHHK)K> OOBepXMOCTb OT KOpp03H3HHOf O 

pa3pyuieHM» e npoiAecce aKcnnyaxauww m chm- 
>xenMn oceoux ycwn^M b npouecce pa3Aa^w 
nnacTwpert. 



D p m m e p pCMOwTa o6caA»0H ko- 

/lOHHbi A^aMCTpOM \ 46 mm C toniUMHOM Creniiw 

8 mm nnacTbipb M3roT38nneaK)7 \A3 TOMKOCTen - 
hqm T py6bi flwaMerpOM 130 mm c TonmMHort 
5 creHxn 3 mm ^3 CTann MapK^ 10. AnwHa T py6bi 
9-11»5m. 

Ha b ny t pe h h k) kj nOBepxHOCTb Tpy6w na- 
Hocftx cno* rpa^MXOBOM unwi Apyrow CMa3xw. 
npeAH33H3MCHHO^ Ann CHM)KeHMH ycwnnw ro<p- 
10 pwpoeaHMfl. ro(ppwpOGaHiae uwnnHAP^ecxoa 
TpyObi npon3BOAPT Ha cneuuanbHo* ycTanOB- 
xe nepe3 po/iviKOByio ro/iOBKy c BHyTpenHea 
npo^wAbHoaonpaaxoM. no/iysaeTCR npOAonb- 
HO-ro<t)pvtpOBaHHa» xpy6a c Hapy>KH wm A*a- 
15 MeTpOM 116 mm \a MucnoM ro<pp 6 nnw8. 3aTeM 
npon3BOAwxcfl pwxiOBica ro<t)ptapoBaHHoaTpy- 
Ow noc/ie oxpe3Kn ee na 3aaaHnyio A^ny. 

3axeM npon3BOA^xcR TepMMMecKan o6pa- 
6oT*a npOAO/ibHO-ro<t>pMpooaHHOM rpy6w - 
20 HGpMann33UM« c narpeBOM xoxaMw bwcoko^ 
MacTotbi na ycTanoaxe BMT 30/6. flpw 3tom 
npoAOAbHO-ro<t)pvapoeaHHafl rpyGa ycxanaa- 
/lueaeicn ropvisomanbHO na po/imkobux ono- 
pax I* c onpeAenenHOui cxopocxbK) 
25 npoABuraexcfl sepes wHAyKxop. 

Oxna>KAeHMe Tpy6bi npow380Awxc» na 
B03Ayxe. CMa3xa t Koxopaa 6wna nanecena ne- 
peA ro^pwpoeaHMeM. awfopaex. 

TaK xax a cxoa>KWHe npn ycTanoBKe nna- 
30 cxwpa b ^HTepBa/ie peMOHia npovi3eOAMTCP 
pa3Aa*a nnacTbipn AO xpyrnoa <J>opMb» m npw- 
)Katvifl k cxenxe o6caAHoa TpyOba. xo npw stom 

B03HMK3»OT 60/lbUJ^e KOHXaKXHbie Harpy3Kn 
Me>KAy n/iacxwpeM h wHcxpyMenxoM a^« P33- 
35 Aastf. Zi/iB CHvixenn» 3TV»x M3rpy30K Ha anyx- 
peHHK)»0 nosepxHoexb n/iacxwpn h3hochxc» 

BXOpVIMHO CMa30MHblM C/lOW, KOXOpUVt cfly*wi 

kqk aha CHM^envifl ycwnnPi. B03HWKatoiUMX npn 
pa3A3«G nn3CTwp«, xak m Ann npeAOxpanenwa 
40 3xot* nOBepxHoexw ot xoppo3viOH Horo paapy 
meHM» e npouecce axcnnyaxau^vi. 

CoMexanHQ xepMvi^ecxovi o603^otkvi nna- 
cxwpea nocne ro^pupoeanwa w Hat^cenwe 
CMa30MHoro cnofl Ha BHyTpeHH»o»o noBe^x- 
45 HOCTb nocne xepMMMecxoa o6pa6oxxM noaao- 
aaiot noewcuTb nnacxuMHocxb Mexanna 
nnacTMp o6ecneMnTb GnaroAap^ 3TOMy na- 
Ae>KH0CTb repMexw3auwn peMOHT^pyeMO^ 

' CKB3>KMHW. 

d> opMyna M30opei en vib 



Cnoco6 M3roxoBneHMfl ro<t>pupofi3HHoro 
cxanbHoro nnacxwp«. npeMMymecToeHHO an» 
55 peMOHxa o6ca>xeHHoa cxsaxuHbi. BKn^avo- 
mw* xepMOo6pa6oTKy 3aroroaxn. HaHecenne 

CM330HHOrO 010* Ha BHyTpeHHOK) nOBepXMOCfb 

3aroxoBKM u ee ro4>pKpOB3Hwe. omwiaiomH^ 
c fl xeM. *rro. c uenbK) noebiujeHu* h3ag>^mocth 
repMCXH33UMn oBc^^eHHOd ckb^xh»^w nyreM no 
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BbiiueMwa nnacruHHOc™ MeTanna nnacTwpa. ocymeCTS/i«»OT nocne ro<j>rMpoe3H^. 3 3f)Tew 

TepM006p^60TKy TOKaMM OUCOKO* MaCTOTW nOBTOpHO H8MOC»T CM830^.b(^ C/lO*. 



Mwe MaTcpuana 




Baa o6d85otkw 




Ao ro<£pMpooaH*m 


riocne ro^pvipo- | 

B8HH« 


TepMOo6pa6otkQ 
nocne ro<t>pnpo83: 

HHP (MOpManH3fl- 

hhp) c HdrpeBOM 

TOKfiMW BWCO- 


floc/ie pa^^A^* 


Bed repMOo6pa- 
6oTicw 


1570 


1750 




2020 


C repMoo6pa6oT- 


1350 


1660 




1966 


Bes TepMog6p8- 
60TKM 


1570 


1750 


1350 


1750 

.... 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus, in this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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